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Abstract 
 
Background: The leaves of Vaccinium arctostaphylos (Qare qat) is advocated for the treatment of hypertension 
in Iran' folk medicine. The objective of was to examine the possible hypotensive activity of aqueous extract of 
Vaccinium arctostaphylos leaves in rat model of two-kidney, one-clip hypertension.  
 
Methods: Rats were subjected to sham operation of the placement of Plexiglass clip on left renal arteries. Four 
weeks later, renal artery clipped rats were given intravenous injection of normal saline or the extract at 10, 25, or 
75 mg/kg, and mean blood pressure and heart rate were measured before and 20, 40 and 60 minutes after vehi-
cle or drug administration.  
 
Results: Compared to sham group, renal artery clipped groups had a significantly higher mean blood pressure, 
heart and right kidney weights, lower left kidney weight and significantly indifferent heart rate. Compared to vehi-
cle treatment, the extract at 75 mg/kg, but not at 10 or 25 mg/kg, did reduce the mean blood pressure at 20, 40 
and 60 minutes after administration without changing the heart rate.  
 
Conclusion: The findings showed that at a higher dose the extract did have hypotensive activity without chang-
ing the heart rate. The exact hypotensive mechanism remains to be investigated. 
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Introduction 
 
The Vaccinium genus, from Ericacea family, includes 
nearly 450 species such as Vaccinium myrtillus (Bil-
berry), Vaccinium macrocarpon (Cranberry), Vaccin-
ium angustifolium (Lowbush blueberry), Vaccinium 
erythrocarpum (Bearberry), Vaccinium ashei (Rab-
biteye Blueberry), Vaccinium pallidum (Blue ridge 
blueberry), and Vaccinium arctostaphylos (Whortle-
berry). Such species have been reported to have bene-
ficial pharmacological effects including reducing 
blood pressure,
1-3 infarct size following ischemia and 
reperfusion
3,4 apoptosis,
3 serum glucose
5-7 and serum 
lipids
8,9 as well as antioxidant
10,11 and urinary antisep-
tic activities.
10,12 
Vaccinium arctostaphylos (Qare qat in Persian) is 
the only species that grows in Iran.
13 The berries and 
leaves of Vaccinium arctostaphylos have been report-
ed to have serum glucose and lipid lowering activi-
ties.
14 In Iran's folk medicine, the berries of the plant 
are used for the treatment of diabetes and hyperten-
sion.
13-15 A recent analysis of the constituents of Vac-
cinium arctostaphylos ripped berries indicated that it 
had 3 major anthocyanins including delphinidin 3-O-
b-glucoside, petunidin 3-O-b-glucoside and malvidin 
3-O-b-glucoside.
13,16,17 Consistent with Iran's folk be-
lieve, delphinidin 3-O-b-glucoside was shown to have 
vasorelaxing activities.
18 However, no such an analy-
sis has been performed on the constituents of the 
plant leaves.   
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To the authors' knowledge, the traditional belief that 
Vaccinium arctostaphylos leaves might reduce the 
blood pressure has not been examined using up-to-
date experimental techniques. Therefore, the present 
study aims at examining such a belief using rat model 
of two-kidney, one-clip hypertension.    
 
 
Materials and Methods 
 
Twenty five grams of dried leaves of Vaccinium arc-
tostaphylos, obtained from Gol-Chay company (Teh-
ran, Iran), were ground to powder, and soaked in 50 
ml distilled water for 48 hours in room temperature. 
Afterwards, the product was filtered, concentrated in 
a rotary, and dried in a vacuum desicator. The yield 
was about 25-30%. 
Male Sprague-Dawley rats (200-250 g), obtained 
from Animal Breeding Center of Shiraz University of 
Medical Sciences were subjected to sham operation 
(n=6) or placement of a plexiglass clip around left re-
nal arteries (n=23) as described previously.
15 Briefly, 
under ketamine (60 mg/kg) and xylazine (8 mg/kg) 
anesthesia, a left flank incision was made, and left re-
nal artery was exposed. The arteries were then dissect-
ed free of surrounding connective tissues, and solid 
plexiglass clips were placed around them. Antibiotic 
(penicillin G) powder (Jaber Ebne Hayyan, Tehran, 
Iran) was applied to the site of incision, and the ab-
dominal wall and the skin were sutured using catgut 
and silk suture materials, respectively. Sham-operated 
rats were subjected to a similar procedure, but no clips 
were placed around renal arteries. The animals were 
then recovered from anesthesia, and were kept for 4 
weeks under standard condition (temperature; 22±2º C, 
relative humidity; 50% and 12 hours light/dark cycle) 
with food (standard rat pellet) and water ad libitum.   
Four weeks later, animal were anesthetised with 
an intraperitoneal injection of sodium thiopenthal (80 
mg/kg). The animals were then tracheotomized to 
facilitate breathing during the experiment. The right 
carotid arteries were cannulated using PE-50 polyeth-
ylen catheters connected to a pressure transducer 
(ADInstrument, Australia) for the measurement of 
arterial pressure. Left jugular veins were cannulated 
for vehicle or extract administrations. The animals 
were allowed 30 minutes to recuperate from surgical 
stress. Afterwards, a baseline measurement of arterial 
blood pressure and heart rate was performed. Left 
renal artery clipped rats were then divided into 4 
groups (n=5-6 each), and assigned to receive an intra-
venous injection of normal saline (0.2 ml) as vehicle, 
or aqueous extract of Vaccinium arctostaphylos 
leaves at 10, 25 or 75 mg/kg in identical volumes. 
The blood pressure and heart rate were measured 20, 
40 and 60 minutes afterwards. At the end of experi-
ments, the animals were sacrificed and weights of 
kidneys and hearts were determined.   
Mean arterial blood pressure was calculated as di-
astolic pressure plus one third of pluse pressure. The 
weights of heart and left and right kidneys were nor-
malized to body weight. Data are presented as 
mean±SEM. Mean arterial blood pressure and heart 
rate were analyzed using Kruskall Wallis test fol-
lowed by Dunn's test for pair wise comparisons. The 
body, heart or kidney weights were compared using 
one way analysis of variance (ANOVA) followed by 
Duncan's Multiple Range test for pair wise compari-
sons. A p value of ≤ 0.05 was considered statistically 
significant. Data analysis was performed using Sig-
mastat statistical software.  
 
 
Results 
 
Four weeks after the operation, left renal artery 
clipped rats had a significantly higher mean arterial 
pressure than that of sham-operated rats (Figure 1). 
However, there was no significant difference between 
heart rate from sham-operated and left renal artery 
clipped rats (Figure 2).  Moreover, the heart and right 
kidney weights of renal artery clipped rats were sig-
nificantly higher than those of sham-operated rats, 
respectively. However, the weight of left kidney from 
renal artery clipped rats was significantly lower than 
that of sham-operated ones (Table 1). 
There was no significant difference between base-
line mean blood pressure of renal artery clipped 
group receiving vehicle, or the extract at 10, 25 or 75 
mg/kg. Moreover, there was no significant difference 
between mean blood pressure of groups receiving the 
extract at 10 or 25 mg/kg and that of group receiving 
vehicle at 20, 40 or 60 minutes after administration. 
However, the mean blood pressure of group receiving 
the extract at 75 mg/kg was significantly lower than 
that of vehicle-treated group at 20, 40 and 60 minutes 
after administration.     
There was no significant difference between the 
heart rates of sham-operated groups or renal artery 
clipped groups receiving vehicle or the extract at 10, 
25 or 75 mg/kg at 20, 40 or 60 minutes after admin-
istration (Figure 2).  Vaccinium arctostaphylos and blood pressure 
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*Denotes significant difference (P≤0.05) from sham-operated group 
O Denotes significant difference (P≤0.05) from renal artery clipped rats receiving vehicle. 
 
Fig. 1: Blood pressure (mmHg) of sham-operated and renal artery clipped groups receiving vehicle (0.2 ml normal 
saline) or aqueous extract of arctostaphylos berries at 10, 25 or 75 mg/kg at the baseline and 20, 40 and 60 
minutes after drug or vehicle administration. 
 
 
Fig. 2: Heart rate (beats/min) of sham-operated and renal artery clipped groups receiving vehicle (0.2 ml normal 
saline) or aqueous extract of arctostaphylos berries at 10, 25 or 75 mg/kg at the baseline and 20, 40 and 60 
minutes after drug or vehicle administration. 
 
Table 1: The weights (% of body weight) of left kidneys (LKW), right kidneys (RKW), hearts (HW) and body (BW) 
of sham-operated rats (Sham) and renal artery-clipped (RAC) rats receiving vehicle (RAC-Veh; normal saline; 0.2 
ml), or aqueous extract of Vaccinium arctostaphylos berries at 10 (RAC-AE10), 25 (RAC-AE25) or 75 (RAC-
AE75) mg/kg body weight. 
 Sham  RAC-Vehicle RAC-AE
10 mg/kg 
RAC-AE 
25 mg/kg 
RAC-AE
75 mg/kg 
RK 0.40±.01  0.49±0.01
a 0.47±0.01
a 0.48±0.02
a 0.49±0.01
a 
LK 0.38±0.01  0.19±0.02
a 0.25±0.01
a 0.20±0.02
a 0.22±0.01
a 
HW 0.33±0.01  0.44±0.02
a 0.43±0.01
a 0.420±0.01
a 0.43±0.02
a 
BW  240±7.3 249±9.3  244±0.6  240±5.7 245±15.6 
aDenotes significant difference from sham-operated group Khalili et al. 
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Discussion 
 
The present study showed that placement of solid 
Plexiglass clips on left renal artery resulted in hyper-
tension characterized by increased mean arterial pres-
sure as well as the weights of the heart and right kid-
ney, and reduced left kidneys weight. It also showed 
that aqueous extract of Vaccinium arctostaphylos at 
75, but not 10 or 25 mg/kg, did reduce mean arterial 
pressure without changing the heart rate.   
Two-kidney, one-clip model of experimental hyper-
tension is one the widely-used models for the study of 
antihypertensive effects of various drugs or medicinal 
plants. This model has been induced in laboratory rats 
using silver clips.
20,21 However, we have induced this 
model using solid Plexiglass clips.
19,22  
The present study also showed that aqueous ex-
tract of Vaccinium arctostaphylos leaves reduced 
blood pressure at the highest dose used. To the au-
thors knowledge, this represents the first report on 
antihypertensive effects of Vaccinium arctostaphylos 
leaves extract. In agreement with the findings of his 
study, the berries of other species of Vaccinium were 
shown to have antihypertensive effects. Feeding of 
spontaneously hypertensive rats with diets containing 
30% freeze-dried wild blueberry (Vaccinium angusti-
folium) for 8 weeks was associated with a reduction 
of blood pressure staring at 4 weeks of diet consump-
tion.
1 Moreover, diet containing 3% of blueberries 
(Vaccinium ashei reade) leaves resulted in the reduc-
tion of blood pressure in spontaneously hypertensive 
rats.
23 In addition, the consumption of whole billber-
ries (Vaccinium myrtillus) and crushed lingoberries 
for 8 weeks in human subjects was associated with a 
significant reduction in blood pressure.
24 Vaccinium 
macrocarpon (American cranberries) was also report-
ed to have antihypertensive activities in human.
11 
The findings of this study can not speculate on the 
likely mechanisms underlying the hypotensive activity 
of the extract. However, the hypotensive activity of 
aqueous extract of blueberry (Vaccinium ashei reade) 
leaves
23 was attributed to angiotensin converting en-
zyme inhibition. In addition, other Vaccinium berries 
were reported to act via α1-antagonism
24 and angiotensin 
converting enzyme inhibition,
2,5,23 and endothelial nitric 
oxide release enhancement.
25,26  Whether or not, similar 
mechanisms do play a role needs to be investigated.  
The hypotensive activity of Vaccinium arcto-
staphylos extract in the present study was not accom-
panied by tachycardia reflex. Vasodilating agents in-
cluding  α1-antagonists
  and direct vasodilators,
27 are 
believed to induce reflex tachycardia, whereas angio-
tensin converting enzyme inhibitors do not cause such 
an effect,
27 Judging the findings of the present study 
along with that of others', that the leaves of other 
Vaccinium genus had angiotensin converting enzyme 
inhibition activities
23 might be suggestive of the in-
volvement of a similar mechanism.  
From the findings of the present study, it is not 
possible to speculate as to what constituent of the 
plant leaves might be responsible for its antihyperten-
sive effects and what the likely mechanisms would 
be. To the best of our knowledge, the chemical con-
stituents of the Vaccinium leaves have not been in-
vestigated. However, previous publications on the 
Vaccinium genus might shed some light on the mat-
ter. Vaccinium arctostaphylos berries were reported 
to include anthocyanins namely, delphinidin 3-O-β-
glucoside, petunidin 3-O-β-glucoside and malvidin 3-
O-  β-glucoside.
13,17 Moreover, Delphinidin 3-O-b-
glucoside was shown to possess vasorelaxing activi-
ty.
19 The chemical constituents of the plant leaves and 
their possible involvements in the observed hypoten-
sive activity are in need of further investigation.  
In conclusion, the findings of the present study 
showed for the first time that aqueous extract of Vac-
cinium arctostaphylos leaves did have hypotensive 
activities without causing reflex tachycardia. The 
findings can not speculate on the likely mechanisms 
involved. The exact hypotensive mechanism of the 
extract needs to be investigated.  
 
 
Acknowledgement 
 
This study was supported by a research grant (84-
2697) from the Vice-Presidency in Research, Shiraz 
University of Medical Sciences. 
 
Conflict of interest: None declared.  
 
 
References 
 
 
 
 
1  Shaughnessy KS, Boswall IA, Scan-
lan AP, Gottschall-Pass KT, 
Sweeney MI. Diets containing blue-
berry extract lower blood pressure in 
spontaneously hypertensive stroke-
prone rats. Nutr Res 2009;29:130-8. Vaccinium arctostaphylos and blood pressure 
 
WWW.ircmj.com Vol 13 February 2011  127
[19285604] [doi:10.1016/j.nutres.20 
09.01.001] 
2  Persson IA, Persson K, Andersson 
RG. Effect of Vaccinium myrtillus 
and its polyphenols on angiotensin-
converting enzyme activity in human 
endothelial cells. J Agric Food 
Chem 2009; 57:4626-9. [19441816] 
[doi:10.1021/jf900128s] 
3  Ahmet I, Spangler E, Shukitt-Hale B, 
Juhaszova M, Sollott SJ, Joseph JA, 
Ingram DK, Talan M. Blueberry-
enriched diet protects rat heart from 
ischemic damage. PLoS One 2009; 
4:e5954. [19536295] [doi:10.1371/ 
journal.pone.0005954] 
4  Toufektsian MC, de Lorgeril M, 
Nagy N, Salen P, Donati MB, 
Giordano L, Mock HP, Peterek S, 
Matros A, Petroni K, Pilu R, Rotilio 
D, Tonelli C, de Leiris J, Boucher F, 
Martin C. Chronic dietary intake of 
plant-derived anthocyanins protects 
the rat heart against ischemia-
reperfusion injury. J Nutr 2008; 
138:747-52. [18356330] 
5  Apostolidis E, Kwon YI, Shetty K. 
Potential of cranberry-based herbal 
synergies for diabetes and hyperten-
sion management. Asia Pac J Clin 
Nutr 2006;15:433-41. [16837438] 
6  Martineau LC, Couture A, Spoor D, 
Benhaddou-Andaloussi A, Harris C, 
Meddah B, Leduc C, Burt A, Vuong 
T, Mai Le P, Prentki M, Bennett SA, 
Arnason JT, Haddad PS. Anti-
diabetic properties of the Canadian 
lowbush blueberry Vaccinium an-
gustifolium Ait. Phytomedicine 2006; 
13:612-23. [16979328] [doi:10.1016/ 
j.phymed.2006.08.005] 
7  Wilson T, Singh AP, Vorsa N, Goettl 
CD, Kittleson KM, Roe CM, Kastello 
GM, Ragsdale FR. Human glycemic 
response and phenolic content of 
unsweetened cranberry juice. J Med 
Food 2008;11:46-54. [18361737] 
[doi:10.1089/jmf.2007.531] 
8  Grace MH, Ribnicky DM, Kuhn P, 
Poulev A, Logendra S, Yousef GG, 
Raskin I, Lila MA. Hypoglycemic ac-
tivity of a novel anthocyanin-rich 
formulation from lowbush blueberry, 
Vaccinium angustifolium Aiton. Phy-
tomedicine 2009;16:406-15. [19 
303751] 
[doi:10.1016/j.phymed.2009.02.018] 
9  Kalt W, Foote K, Fillmore SA, Lyon 
M, Van Lunen TA, McRae KB. Ef-
fect of blueberry feeding on plasma 
lipids in pigs. Br J Nutr 2008;100:70-
8. [18081945] [doi:10.1017/S0007 
114507877658] 
10  Sinitsyna O, Krysanova Z, Ishchen-
ko A, Dikalova AE, Stolyarov S, Ko-
losova N, Vasunina E, Nevinsky G. 
Age-associated changes in oxida-
tive damage and the activity of anti-
oxidant enzymes in rats with inherit-
ed overgeneration of free radicals. J 
Cell Mol Med 2006;10:206-15. 
[16563232] [doi:10. 1111/j.1582-
4934.2006.tb00301.x] 
11  McKay DL, Blumberg JB. Cranberries 
(Vaccinium macrocarpon) and cardio-
vascular disease risk factors. Nutr Rev 
2007;65:490-502. [18038941] [doi:10. 
1301/nr.2007.nov.490-502] 
12  Neto CC. Cranberry and blueberry: 
evidence for protective effects 
against cancer and vascular diseas-
es.  Mol Nutr Food Res 2007;51: 
652-64. [17533651] [doi:10.1002/ 
mnfr.200600279] 
13  Nickavar B, Amin G. Anthocyanins 
from “Vaccinium arctostaphylos” 
Berries.  Pharmaceutical Biology 
2004;42:289-91. [doi:10.1080/13880 
200490511819] 
14  Akhondzadeh Sh, Encyclopedia of 
Iranian medical plants. Institute of 
Medicinal plants. 2000; p. 144. 
15  Amin G. Popular Medicinal Plants of 
Iran.  Tehran Research Deputy of 
Health Ministry 1991;1:126. 
16  Lamy S, Blanchette M, Michaud-
Levesque J, Lafleur R, Durocher Y, 
Moghrabi A, Barrette S, Gingras D, 
Béliveau R. Delphinidin, a dietary 
anthocyanidin, inhibits vascular 
endothelial growth factor receptor-2 
phosphorylation.  Carcinogenesis 
2006;27:989-96. [16308314] [doi:10. 
1093/carcin/bgi279] 
17  Lätti AK, Kainulainen PS, 
Hayirlioglu-Ayaz S, Ayaz FA, 
Riihinen KR. Characterization of an-
thocyanins in caucasian blueberries 
(Vaccinium arctostaphylos L.) native 
to Turkey. J Agric Food Chem 
2009;57:5244-9. [19480388] [doi:10. 
1021/jf9005627] 
18  Andriambeloson E, Magnier C, 
Haan-Archipoff G, Lobstein A, Anton 
R, Beretz A, Stoclet JC, Andriantsit-
ohaina R. Natural dietary polyphe-
nolic compounds cause endotheli-
um-dependent vasorelaxation in rat 
thoracic aorta. J Nutr 1998;128: 
2324-33. [9868177] 
19  Nekooeian A, Mashhoodi T. Solid 
plexiglass clips to induce reproduci-
ble renal hypertension in the rat. In-
dian Journal of Pharmacology 2007; 
39:25-6. 
20  Braam B, Navar LG, Mitchell KD. 
Modulation of tubuloglomerular 
feedback by angiotensin II type 1 
receptors during the development of 
Goldblatt hypertension. Hyperten-
sion 1995;25:1232-7. [7768567] 
21  Cervenka L, Wang CT, Mitchell KD, 
Navar LG. Proximal tubular angio-
tensin II levels and renal functional 
responses to AT1 receptor blockade 
in nonclipped kidneys of Goldblatt 
hypertensive rats. Hypertension 
1999;33:102-7. [9931089] 
22  Nekooeian AA, Mashhoodi T. Chro-
nology of blood pressure changes in 
renal hypertension induced dy solid 
plexiglass clips in the rat. Iran Vet 
Research J 2007;8:170-4. 
23  Sakaida H, Nagao K, Higa K, Shi-
rouchi B, Inoue N, Hidaka F, Kai T, 
Yanagita T. Effect of Vaccinium 
ashei reade leaves on angiotensin 
converting enzyme activity in vitro 
and on systolic blood pressure of 
spontaneously hypertensive rats in 
vivo.  Biosci Biotechnol Biochem 
2007;71:2335-7. [17827680] [doi:10. 
1271/bbb.70277] 
24  Norton C, Kalea AZ, Harris PD, 
Klimis-Zacas DJ. Wild blueberry-rich 
diets affect the contractile machin-
ery of the vascular smooth muscle 
in the Sprague-Dawley rat. J Med 
Food 2005;8:8-13. [15857202] [doi: 
10.1089/jmf.2005.8.8] 
25  Bell DR, Gochenaur K. Direct vaso-
active and vasoprotective properties 
of anthocyanin-rich extracts. J Appl 
Physiol 2006;100: 1164-70. 
[16339348] [doi:10.1152/ japplphys-
iol.00626.2005] 
26  Kalea AZ, Clark K, Schuschke DA, 
Klimis-Zacas DJ. Vascular reactivity 
is affected by dietary consumption 
of wild blueberries in the Sprague-
Dawley rat. J Med Food 2009;12:21-
8. [19298192] [doi:10.1089/jmf.20 
08.0078] 
27  Hoffman BB . Therapy of hyperten-
sion. In: Brunton LL, Lazo JS and 
Parker KL, editors. Goodman & 
Gillman's the pharmacological basis 
of therapeutics. 11rd ed. McGraw-
Hill, 2006; p. 845-6. 
 